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ON THE DEVELOPMENT OF X-RAY INJURIES TO THE SKIN 

1 L. A. Afrikanova 

Present-day andlhistoricalconcepts and d i rec t ions  i n  the  
study of t h e  pathological process of X-ray i n j u r i e s  t o  the 
skin a r e  summarized, and compared with t h e  author 's  f indings.  
The a r t i c l e  evalutes changes i n  the  a f fe ren t  s i d e  of the  
r e f l e x  a r c  providing innervation t o  the  i r r a d i a t e d  sec tor  
of skin (nose & l i p  of c a t ) .  Study conditions and para- 
meters a r e  specif ied,  and changes occurring 10 min t o  3 
weeks and 2 months a f t e r  specimen exposure a r e  exhaustively 
examined. 
invest igators  t h a t  rad ia t ion  damage t o  sk in  cons is t s  of 
s e l e c t i v e  injury of vessel  walls by rad ia t ion  energy. 

The author d e t a i l s  h i s  disagreement with most 

Radiation i n j u r i e s  of t h e  sk in  have been studied s ince X-rays were /332* 
discovered. Thanks t o  numerous invest igat ions,  the  c l i n i c a l  course and general  
pathomorphological and pathophysiological c h a r a c t e r i s t i c s  of these  i n j u r i e s  a r e  
w e l l  known. However, questions concerning t h e  e f fec t  of ionizing rad ia t ion  on 
t h e  sk in  continue t o  occupy the  center  of a t t e n t i o n  of invest igators  a t  the  
present time. This i s  because rad ia t ion  i n j u r i e s  of the  skin s t i l l  remain one 
of t h e  most severe and of ten  l e a s t  t r a c t a b l e  i n j u r i e s  encountered i n  c l i n i c a l  
p rac t ice ,  so  tha t  problems of the  pathogenesis and therapy of t h i s  type of in -  
ju ry  requi re  fur ther  study i n  depth. 

A t  present there  i s  no unanimous viewpoint concerning the  e s s e n t i a l  fea-  
t u r e s  of t h e  pathological process i n  these i n j u r i e s .  The most popular view i s  
t h a t  they a r e  bas ica l ly  due t o  severe and s e l e c t i v e  radiant  energy damage 
t o  blood vesse l  w a l l s ,  accompanied by the development of o b l i t e r a t i n g  en- 
d a r t e r i t i s  and te langiec tas i s  (0. H. Petersen and J. Hellmann, 1920; Leu, 1949; 
H. A. Telon, Mason and M. Zan Wheclock, 1950). 

I 3 3 3  

However, a study of the  l i t e r a t u r e  shows tha t  these  changes i n  vessel  w a l l s  
general ly  appear only a f t e r  a considerable lapse of time, of ten  many years a f t e r  
exposure. The acute period of development of skin les ions (Fahr, 1925; J.  
Mieschen, 1925, 1928) usually passes without any ser ious changes i n  vesse l  
w a l l s .  During t h i s  period various circulatory disturbances a r e  noted i n  the  
i r r a d i a t e d  sec tor  of skin,  which David and Gabriel (1924) a t t r i b u t e  t o  i n j u r i e s  
of vasomotor nerves. There e x i s t  a number of other papers affirming the  ap-  
pearance of d e f i n i t e  nervous system disturbances i n  i r r a d i a t e d  skin.  Unt i l  t h e  
present ,  however, no supporting f a c t s  demonstrating t h e  par t ic ipa t ion  of the  
nervous system i n  the  development of lesions i n  sk in  exposed t o  X-rays have 

* Numbers given i n  margin ind ica te  pagination i n  o r i g i n a l  foreign t e x t .  
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been presented. Some studies  are known which deal with changes i n  neural  f o r -  
mations i n  skin injured by rad ia t ion  (M.S. Lyutershteyn and A.V. Rakhmanov, 
1926; M.N. Maysel', 1930; V.A. Bashinskaya, 1938; e t  a l . ) .  In  some, a c t u a l  
changes i n  neural  s t ruc tures  i n  i r rad ia ted  areas of t h e  sk in  have even been 
detected. Unfortunately, however, t h e i r  s ignif icance i n  the  development of 
r a d i a t i o n  i n j u r i e s  of t h e  sk in  has not been demonstrated. 

The purpose of our study w a s  t o  follow the appearance and development of 
changes i n  t h e  a f fe ren t  s i d e  of the  r e f l e x  a r c  providing innervation t o  the  i r -  
radiated sector  of skin,  and t o  determine t h e  s ignif icance of these  changes i n  
t h e  development of t h e  t o t a l  t i s s u e  react ion i n  the  i r r a d i a t e d  par t .  I 

The most s u i t a b l e  object w a s  t h e  skin of t h e  end of the  nose and upper l i p ,  
whose s e n s i t i v e  innervation i s  provided ch ief ly  by t e n d r i l s  of the  second branch 
of the tr igeminal nerve. A l l  the  receptors i n  t h i s  area of t h e  skin a r e  axon 
t e n d r i l s  of s e n s i t i v e  neurons which a r e  concentrated i n  the  gasserian ganglion 
of t h e  tr igeminal nerve. 

To eliminate t h e  e f f e c t  of d i r e c t  exposure t o  ionizing rad ia t ion  on the  
above-mentioned nerve centers and t o  l i m i t  t h e  e f f e c t  of radiant  energy t o  a 
small sec tor  of skin,  i r r a d i a t i o n  w a s  done on a "Dermamobile" apparatus with 
s o f t  X-rays having a maximum t i s s u e  penetration depth of 4 mm. 
d i t i o n s  were: voltage,  30 kV; power, 25 mA; f i l t e r ,  1 mm A l ;  skin f o c a l  d i s -  
tance,  10 cm; dose power, 400 R/min. In a l l  cases, s i n g l e  exposures were used; 
doses were 3000 and 5000 R,  and the  i r r a d i a t i o n  f i e l d  diameter was 1.5 cm. 

I 

I r r a d i a t i o n  con- 

A t o t a l  of 57 male c a t s  were i r rad ia ted .  Ten animals, healthy f o r  p r a c t i -  
c a l  purposes, served as controls .  The condition of receptors i n  t h e  i r r a d i a t e d  
sec tor  of skin,  and of t h e i r  t rophic  centers i n  t h e  gasserian ganglion which w a s  
not d i r e c t l y  exposed t o  radiant  energy, w a s  studied. In  addi t ion,  other sensi-  
t i v e  nodes i n  the Ganglion nodosum of the vagus nerve and s e n s i t i v e  sp ina l  
ganglia i n  t h e  cerv ica l  portion of t h e  sp ina l  cord were studied. Material f o r  
h i s t o l o g i c a l  study was taken a t  various periods a f t e r  i r r a d i a t i o n  (from 10 min 
t o  4 months) and w a s  studied by various cytological  and neurohistological 
methods. Fresh sk in  specimens taken from 10 min t o  3 weeks a f t e r  exposure 
were a l s o  processed using our modification of Gomori's method t o  show up acid 
and bas ic  phosphomonoesterases. 

Vasodilation was noted i n  the  i r rad ia ted  sector  of skin i n  t h e  f i r s t  1 t o  
2 hr  a f t e r  i r r a d i a t i o n ,  disappearing toward the  beginning of t h e  3d hr .  During 
t h e  f i r s t  3 days a f t e r  i r r a d i a t i o n ,  no subs tan t ia l  changes i n  the s t r u c t u r e  of 
t h e  sk in  were noted. The s o l e  change, which i s  highly c h a r a c t e r i s t i c ,  was the 
appearance of a large number of plasmacytes i n  the connective t i s s u e  lay- 
ers of t h e  skin.  Although nerve f i b e r s  and sheaths i n  specimens t r e a t e d  by 
conventional methods did not d i f f e r  f rom those from control  animals, t h e  speci-  
mens t reated t o  bring out phosphomonoesterases showed changes i n  enzyme a c t i v i t y  
i n  t h e  v i c i n i t y  of the  s e n s i t i v e  neural formations of the  skin within t h e  f i r s t  
10 min a f t e r  i r rad ia t ion .  Basic phosphatase a c t i v i t y ,  determined i n  t h e  
Schwann symplast  of t h e  inner bulb i n  receptors and i n  t h e  sheath of pulpy 
f i b e r s ,  w a s  found t o  increase,  while acid phosphatase a c t i v i t y ,  detected i n  
a x i a l  cy l inder  s t ruc tures ,  showed a decrease. By t h e  3d day, changes i n  neural  
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s t ruc tures  could a l s o  be seen i n  the  conventionally prepared specimens. The 
sheaths of myelinized f i b e r s  were considerably swollen. 
of s ens i t i ve  nerve f i b e r s  showed increased argentophi l ia  and mul t ip le  i n f i l -  
t r a t i o n s  of neuroplasm, which causes t h e i r  ou t l ines  t o  become uneven and 
jagged. The terminal portions of nerve f i b e r s  remained unchanged a t  t h i s  time. 

Preterminal portions 

Beginning with t h e  5th day, changes i n  the  sk in  became more pronounced, 
with t h e  pathological process beginning e a r l i e s t  i n  advent i t ious t i s sues .  
Lesions f i r s t  appeared i n  t h e  epidermis. Ep i the l i a l  c e l l s  of t he  Malpighian 
layer began t o  s t a i n  much more f a i n t l y  than normally, and t h e  boundaries be- 
tween individual  c e l l s  o f ten  tended t o  lose def in i t ion .  Large numbers of 
neu t r a l  f a t  d rople t s  appeared i n  t h e  protoplasm of many c e l l s .  C e l l  and es -  
pec i a l ly  nucleus polymorphism was unusually c l ea r ly  pronounced; many c e l l s  con- 
ta ined from 2 t o  4 nuclei  apiece. Similar changes were seen i n  t h e  epithelium 
of h a i r  f o l l i c l e s  and h a i r  bulbs. Degenerative changes were a l so  seen i n  t h e  
s a l t  glands. The sweat glands a t  t h i s  period retained t h e i r  normal s t ruc tu re .  

I n  t h e  connective t i s s u e  layer ,  j u s t  a s  e a r l i e r ,  many plasmacytes were 
seen near t h e  vesse ls .  I n  t h e  papi l la ry  layer  of t h e  skin,  usual ly  i n  those 
pa r t s  where the  ep idermis  was most changed, t he re  w a s  a considerable increase 
i n  young connective t i s s u e  c e l l s .  Collagen f i b e r s  seemed somewhat swollen. 
A t  t h i s  time t h e  f i r s t  changes i n  t h e  vessels were seen: t h e i r  lumina were 
d i l a t e d ,  although the  a r t e r i a l  lumina seem somewhat cons t r ic ted  due t o  swelling 
of t h e i r  wal ls .  These vascular changes became s t ead i ly  more severe r i g h t  up t o  
t h e  appearance of p r e s t a t i c  s t a t e s  and cap i l l a ry  s t a s i s .  I n  pa r t s  of t he  sk in  
containing adven t i t i a ,  s imi la r  changes appear considerably l a t e r ,  on t h e  10th 
t o  14th day. 

Sens i t ive  nerve endings and f i b e r s  showed considerable changes during the  
epidermal degeneration period. I n  t h e  preterminal port ion,  coarse argentophi l ic  
segments heavi ly  i n f i l t r a t e d  with neuroplasm a l te rna ted  i n  t h e  f i b e r s  with ab- 
normally t h i n ,  wasted, weakly s t a in ing  segments. 
in tegra ted .  
s ta ined  poorly. 

Later these f i b e r s  d i s -  
The terminal port ion did not decompose, but became very t h i n  and 

I n  t h e  cap i l l a ry  layer of t h e  skin towards t h e  14th day, and i n  those 
p a r t s  of t h e  sk in  lacking advent i t ia  towards t h e  end of t he  3d week, t h e  
process of degeneration of t h e  epidermis and sk in  advent i t ia  was so f a r  ad- 
vanced that general ly  enlarged f o c i  of necrosis  were forming. It i s  i n t e r -  
e s t i n g  t o  note t h a t  leukocytic i n f i l t r a t i o n  of t he  skin was not seen a t  a l l  
u n t i l  t h e  formation of necro t ic  foc i .  A s  soon as  necro t ic  areas  appeared i n  
the  epidermis and sk in  adven t i t i a ,  copious exudation of leukocytes commenced 
and t h e  e n t i r e  area of necrosis appeared i n f i l t r a t e d  by them. 

I n  t h e  necro t i s  a reas ,  t yp ica l  s ens i t i ve  endings could no longer be 
discerned.  Only individual  t h i n  fragments of f i b e r s  and d i s in t eg ra t ing  nerve 
s t e m s  were v i s i b l e .  I n  encapsulated neural formations, along with degenera- 

bulb Schwann symplasts could be seen. I n  the  large nerve stems of t he  deep 
Dlexus of  t h e  skin. decomoosition and degeneration of f i b e r s  were not seen. 

t i o n  and decomposition of f i b r i l l a r  s t ruc tures ,  necro t iza t ion  of inner /335 
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A l l  changes i n  the  neural  formations were l imited t o  t h e i r  terminal and p re -  
t ermina 1 zones. 

The acute period of in jury  ended with evulsion of necrotized masses and 
r e e p i t h e l i a l i z a t i o n  of the sectors  of skin thus exposed. Regeneration d i d  not 
include t h e  development of fibrous t i s s u e .  In  the  c a p i l l a r y  layer t h i s  process 
w a s  complete toward t h e  end of the 3d week, and i n  t h e  p a r t s  of t h e  skin not 
containing advent i t ia ,  towards t h e  end of t h e  4 t h  week. 

However, normal skin s t r u c t u r e  was not res tored.  The epidermis, i n i t i a l l y  
subject t o  hyperplasia, gradually atrophied; t h e  papi l la  coalesced and h a i r  and 
sa l t  glands were e n t i r e l y  lacking. The sweat glands a l so  atrophied, probably 
due t o  t h e  o b l i t e r a t i o n  of t h e i r  drainage ducts. 
changes appeared t h i n ,  pale  and dry. A t  t h i s  t i m e  subs tan t ia l  changes i n  t h e  
w a l l s  of blood vessels  s t i l l  could not be observed. Only t h e  pers i s ten t  d i l a -  
t i o n  of t h e  lumen i n  veins and the  formation of a pecul iar  sleeve or  c o l l a r  of 
plasmacytes around some a r t e r i e s  were noted. 
was a great  reduction i n  the number of s e n s i t i v e  nervous formations i n  the  
skin. 
sented only t h i n  f i b e r s  with numerous var icos i t ies .  
were seen t o  be decomposed. 

Skin which had undergone these  

Along with these changes , t h e r e  

There were almost no encapsulated endings, and the  f r e e  endings p r e -  
Fa i r ly  of ten  these f i b e r s  

Thus, a t  t h i s  period of the development of r a d i a t i o n  i n j u r i e s  of the  sk in ,  
d e f i n i t e  s t r u c t u r a l  def ic iencies  of t h e  sk in ' s  sens i t ive  neural  apparatus were 
observed. 

Two months a f t e r  exposure t o  radiant energy without other trauma of any 
s o r t ,  a new wave of changes i n  t h e  epidermis of t h e  already atrophied skin w a s  
observed: f o c i  of necrosis and a copious leukocytic reaction. I n  t h e  necrot ic  
a reas ,  which were much smaller than those which appeared i n  t h e  i n i t i a l  les ion 
period, t h e r e  appeared d is in tegra t ion  or severe degeneration of a l l  s e n s i t i v e  
neural  formations. I n  areas  of sk in  untouched by necrosis ,  t h e  majority of 
s e n s i t i v e  neural  formations a l s o  underwent degenerative changes. In  the  con- 
nect ive t i s s u e  layer of the skin,  i n f i l t r a t i o n s  of plasmacytes and lymphocytes 
w e r e  f requent ly  observed. Changes i n  t h e  blood vessels  i n  areas  affected by 
degeneration w e r e  analogous t o  those seen during the f i r s t  wave of degenera- 
t ion .  Outside these  a reas ,  subs tan t ia l  changes i n  vesse l  walls were not ob- 
served. Not u n t i l  4 months a f t e r  i r r a d i a t i o n  was it possible  t o  observe an 
increase i n  the  number of endothel ia l  c e l l s  i n  t h e  inner coating of small 
a r t e r i e s ,  probably a symptom of incipient  e n d a r t e r i t i s .  

Changes were a l s o  detected i n  t h e  gasser ian ganglia. I n  t h e  i n i t i a l  
period of skin in jury ,  during the  gradual development of degenerative changes 
i n  t h e  epidermis and s e n s i t i v e  neural  formations, changes i n  neural  elements 
and i n  the stroma of gasserian ganglia were not observed. The f i r s t  changes 
i n  t h e  l a t t e r  were seen accompanying the  severe degeneration of epidermis and 

. s e n s i t i v e  neural  formations of the  skin which occurred beginning with t h e  2d 
o r  3d week a f t e r  exposure. Nodules of polyblasts appeared i n  the  stroma of the  
gangl ia  (see f igure) ,  t h e  t i s s u e  of the ganglion sometimes being i n f i l t r a t e d  by 
them. 
chromatolysis. 

A t  the  Same t i m e  a f a i r l y  large number of neurons showed perinuclear 
Later, during the  stage of grea tes t  destruct ion of s e n s i t i v e  
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Nodules of polyblasts.  Gasserian 
ganglia of a ca t  2 1  days a f t e r  i r -  
r ad ia t ion  of t h e  sk in  of t h e  t i p  
of t h e  nose with a 5000-R dose of 
so f t  X-rays. 

, nerve endings i n  t h e  skin,  t h e  reac t ion  i n  the  stroma had already subsided i n  
i n t e n s i t y ,  but degenerative changes were seen i n  t h e  nerve c e l l s .  Neuron 
degeneration was e i t h e r  of t h e  vacuole degeneration type,  o r  of t he  "severe 
Niss l  degeneration" type. 
a l l  cases which w e  s tudied from 30 t o  120 days a f t e r  i r r ad ia t ion .  
changes were not observed i n  other s ens i t i ve  ganglia.  

Changes of t h i s  nature  i n  t h e  ganglia were seen i n  
Similar 1336 

, As can be seen from t h e  data  presented, exposure t o  r ad ia t ion  i s  followed 

I rad ia ted  sec tor  of skin.  
by development of a slow process of degeneration of a l l  t i s sues  i n  the  ir- 

On t h e  bas i s  of these  r e s u l t s  w e  may conclude t h a t  from the  very f i r s t  
hours of t h e  development of r ad ia t ion  injury,  progressive s t r u c t u r a l  changes 
a r i s e  i n  t h e  receptor  neural  formations of t h e  sk in  which end i n  the  destruc- 
t i o n  of t h e  majority of receptors .  Our data  a r e  not yet  s u f f i c i e n t  t o  permit 
us t o  s ta te  t h a t  changes i n  neural  s t ruc tures  a r e  t h e  determining f a c t o r  i n  t h e  
genesis  of r ad ia t ion  in jury .  
which develops on exposure t o  rad ia t ion  energy i s  closely r e l a t ed  t o  d i s turb-  
ances of a f fe ren t  innervation. 

However, we f e e l  t ha t  t he  dystrophic process 

W e  cannot agree with t h e  opinion of t he  majority of inves t iga tors  t ha t  i n  
essence r ad ia t ion  damage t o  the  sk in  consis ts  of s e l ec t ive  in jury  of vessel  
wa l l s  by r ad ia t ion  energy. It i s  evident from the  I l t e r a t u r e ,  and confirmed 
by our da t a ,  t ha t  t h e  vascular react ion i n  r ad ia t ion  i n j u r i e s  occurs i n  two 
phases. The f i r s t  phase (prompt erythema) occurs immediately a f t e r  exposure 
t o  r a d i a t i o n  energy and i s  revers ib le ,  disappearing i n  1 t o  3 hrs .  
charac te r  of t h i s  prompt erythema and i t s  extension t o  normal sk in  beyond t h e  
area exposed t o  i r r a d i a t i o n  ind ica t e  tha t  t h e  erythema i s  r e f l ex ive  i n  nature.  
After  the f i rs t  phase the re  begins a period during which no c i rcu la tory  

The 
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disturbance whatever i s  seen i n  t h e  injured area ( the so-called la ten t  period). 
The second phase i n  our experiments (major erythema) developed on the 5th t o  
10th day--depending on t h e  skin area--and w a s  steady and progressively more 
severe. The great  resemblance i n  timing, course, and character between c i r -  
culatory disturbances seen i n  loca l  rad ia t ion  in jury  and those following a f -  
fe ren t  nerve resec t ion  (Men'shutin, 1944; Dzherakyan, 1944) i s  noteworthy. We 
know of no other  skin react ions accompanied by hemodynamic disturbances which 
follow a s i m i l a r  course ( f r o s t b i t e ,  burns, inflammation, and t h e  l ike) .  This 
resemblance does not provide a basis  for  s t a t i n g  t h a t  the react ion t o  i r -  
rad ia t ion  i s  i d e n t i c a l  with t h e  neurodystrophic process which develops when 
af fe ren t  innervation i s  impaired.  We merely wish t o  emphasize t h a t  serious 
proofs of the s e l e c t i v e  e f fec t  of radiat ion energy on blood vesse l  walls do 
not e x i s t .  
very prompt and progressive impairment of a f fe ren t  innervation i n  the i r r a -  
diated sec tor  of skin,  it may be s t a t e d  t h a t  t h e  vascular reac t ion  may qui te  
possibly be f u l l y  accounted f o r  by t h a t  impairment. 

On t h e  contrary,  on t h e  basis  of t h e  date  which w e  obtained on the  

That there  is  trauma t o  t h e  a f fe ren t  nervous system i n  rad ia t ion  i n j u r i e s ,  
i s  beyond doubt. This i s  demonstrated by us and confirmed by the  materials of 
physiological s tudies .  M. N. Livanov and N. S. Del i ts ina (1953) es tabl ished 
t h a t  t a c t i l e  s t imulat ion of t h e  skin during t h e  f i r s t  week a f t e r  i t s  exposure 
t o  r a d i a t i o n  (dose of 5000 R) does not induce b i o e l e c t r i c  a c t i v i t y  i n  the  ap- 
propr ia te  s e n s i t i v e  nerves of t h e  skin. It i s  i n t e r e s t i n g  t o  note t h a t  t h e  
sharp impairment of the  a c t i v i t y  of the receptors a t  t h a t  period corresponds 
morphologically t o  reac t ive  changes. Evidently these,morphological changes 
must be considered r a t h e r  more ser ious than w a s  thought e a r l i e r .  

Although a t  this s tage it i s  possible t o  speak only of disrupt ion of 
funct ion,  t h e r e  l a t e r  commences a unique form of deafferentat ion of t h e  ir-  
rad ia ted  sec tor  of skin.  During t h e  l a t t e r ,  M. N. Livanov and N. S. Del i ts ina 
observed t h e  appearance of high spontaneous b i o e l e c t r i c  a c t i v i t y  i n  t h e  sensi-  
t i v e  nerves i n  t h e  absence of react ion t o  t a c t i l e  st imulation. A t  t h i s  t i m e  
t h e  appearance of morphological changes i n  the  corresponding t rophic  centers  
was a l s o  observed. 
degeneration and brings many s e n s i t i v e  neurons t o  a s t a t e  of advanced de- 
s t r u c t i o n .  
f u n c t i o n a l  overloading of t h e i r  neurons, which a r e  bombarded f o r  long periods 
with currents  of spontaneous impulses. None of t h e  phenomena i n  t h e  gasser ian 
gangl ia  a r e  connected with t h e  d i r e c t  e f fec ts  of X-rays, which t h e  i r r a d i a t i o n  
method w a s  chosen t o  avoid, and a r e  therefore  secondary e f f e c t s .  The presence 
of secondary consequent phenomena i n  the corresponding nerve centers i s  a 
c h a r a c t e r i s t i c  f e a t u r e  of acute rad ia t ion  injury of t h e  skin.  In  a l l  proba- 
b i l i t y  prec ise ly  these  phenomena explain t h e  s t r u c t u r a l  def ic iencies  of t h e  
newly formed receptor elements, i n  which we may see one of t h e  d i rec t  causes 
of t h e  wavelike course of acute rad ia t ion  i n j u r i e s  of t h e  skin. 

This process occurs without the  symptoms of increasing 

Evidently changes i n  t h e  gasserian ganglia occur as a r e s u l t  of 
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